Src signaling involvement in Japanese encephalitis virus-induced cytokine production in microglia.
Numerous studies have demonstrated that the disease pathogenesis of Japanese encephalitis involves cytokine-mediated bystander damage. The mechanisms involved in the regulation of Japanese encephalitis virus (JEV)-induced cytokine expression are not well defined but rely mainly on the tight regulation of transcription factor NF-κB. The Src-family tyrosine kinases participate in diversity of cellular signaling and have been demonstrated in JEV-infected cells. A direct link leading from Src activation to NF-κB activation in JEV-induced cytokine expression is incompletely understood. Here, we report that Src-related Ras/Raf/extracellular signal-regulated kinase (ERK) cascades participate in NF-κB activation and consequent tumor necrosis factor-alpha (TNF-α) and interleukin-1 beta (IL-1β) expression in JEV-infected microglia. Central microglia were capable of producing TNF-α and IL-1β after JEV infection. However, JEV infection had a negligible effect on triggering TNF-α and IL-1β production by neurons and astrocytes. The expression of TNF-α and IL-1β caused by JEV was accompanied by increased Src phosphorylation, Ras membrane association, Raf serine-338 as well as tyrosine-340 phosphorylation, ERK phosphorylation, NF-κB DNA binding activity, and decreased Raf serine-259 phosphorylation. Pharmacological studies revealed that the integrity of lipid raft and the activation of Src, Ras, Raf, ERK, and NF-κB all contributed to JEV-induced TNF-α and IL-1β expression. Pharmacological and biochemical studies further suggested that Src, upon activation, might transmit signals to the Raf/ERK cascades via Ras-dependent and -independent mechanisms that in turn might lead to NF-κB activation. Overall, our results show that the lipid raft might play a role in mediating JEV-initiated Src/Ras/Raf/ERK/NF-κB signaling and TNF-α/IL-1β expression in microglia.